Muehl, Knott, and Benton (1965) reported that 63% of children with LD had EEG abnormalities, as compared with 20% for controls matched on age and intelligence. Winkler, Dixon, and Parker (1970) discovered a slow brain wave pattern dominated in children exhibiting behavior and academic problems. Lubar, Bianchini, Calhoun, Lambert, Brody, and Shabsin(l985) assessed a larger number of LD children and a group of normal control children. They found that LD children exhibited slower brain wave patterns than the controls and it was possible to predict LO or normal group membership within the sample with greater than 95% accuracy using discriminant analysis on the frequency of the brain wave pattern. Mann et all (1992) showed significantly higher Theta Summer-Fall 1998 Copyright © 1998 ISNR. All rights reserved. 9
and lower Beta differences between ADD/LD children and normal controls. Other studies have confmned the relationship of slow brain wave patterns and ADD (Satterfield and Braley, 1977; Linden, 1991) . Lubar and Shouse (1976) conducted a study employing EEG Biofeedback to modify Beta and Theta frequencies for ADD and LD children. Their protocol consisted of teaching children to increase Beta and sensorimotor rhythm (SMR) frequencies (12-20 Hz) while concurrently decreasing their abnormally high Theta frequencies. They treated S's where reading, arithmetic, and spatial tasks were employed simultaneously with feeding back the occurrence of frequencies.
They showed that EEG Journal ofNeurotherapy biofeedback resulted in increased 12-15 Hz during the functional activities. Associated with the improved brain wave patterns were increased grades and achievement test scores. The importance of visual-motor elements in learning disabiIities has been documented (Tucker, 1976; Haring and Bateman, 1977 (Lubar, & Lubar, 1984; Tansey, 1990; Lubar, 1991) . Postnewofeedback S's showed decreased Theta and enhanced Beta amplitudes such that the ratio between these wave frequencies is !owered.
Academic and behavioral improvements were attributed to this change. Other studies have reported neurofeedback protocols used in connection with positive amidemic and attention or motor outcomes but do not report brain wave changes (Othmer, Othmer, and Marks, 1991; Linden, Habib, Radojevic, 1996) . Othmer et al. attribute the positive outcomes to some unspecified "cortical regulation or stabilization in individuals where that is manifestly deficient."@. 18) Linden et al. attribute the improvement in IQ scores to the "'treatment group having an increased ability to attend and concentrate"(p. 23) -another reported outcome of the study. Their study also employed behavioral rewards such as baseball cards and stickers given OR the basis of cooperation, effort and performance. They report a brain wave shaping protocol but cite no evidence that the EEG patterns of their S's had any particular characteristics either pre-or post-treatment.
They recognize that "Attentional training through behavioral methods cannot be ruled out based on the current design."(p. 23) adds a dimension to these evaluations such that brain wave patterns would be measured concurrent with the performance of an objective test of visual-motor integration to demonstrate a possible relationship of changed brain wave ratios and changes in visual-motor integration, reading, spelling, and arithmetic achievement test scores.
Method Participants
Children and adolescents ages 8 to 18 were accepted into the study if they were referred for academic problems and/or attentional deficits. Forty-three S's were included in the evaluation and treatment sequence. Each except two was diagnosed ADD by the psychologist author according to DSM-LII-R criteria (DSM-IV had not been published at the time o f the study during 1991-2). Two were diagnosed with a developmental visual-motor integration disorder.
These Reward and inhibit filters were set such that rewards were given approximately 70% of the time on the Beta band, and the reward was inhibited 20% of the time on the Theta band. Thus approximately 60 rewards were given per minute for most S's with a range of 50 to 100.
After 30 sessions the reward percentage was incrementally reduced to 40 to 50% and the number of rewards to 40 to 60 per minute at the conclusion of training. The criterion for termination of training and administration of the final evaluation was the achievement of TBRs that were within 0.2 across activities for five or more sessions.
Electrode placement was bipolar at FZ and PZ per the International 10-20 system. An ear ground on the left side was also used. Choice o f electrode placement was a copy of the work o f Lubar (1992). AI1 electrode skin contact was below 10 kohms impedance.
During the initial evaluation session: the S's appropriateness for the training was determined by an evaluation of school problems and attention characteristics. The S's willingness to undergo the evaluatiofi was determined. TBR's were determined by measuring a baseline, eyes closed, readhg, listening, drawing, and concentration TBR. During the reading activity, a portion of a book at appropriate reading level was read silently by the S . During the listening activity, a further portion of the same book was read to the S. During the drawing portion, the Beery test of Visual-Motor Integration (BVM) was administered. During the concentration portion, the S was asked to concentrate on the fish display to maximize rewards. Each condition lasted three minutes. Often the BVM administration took longer than the three minute EEG period.
Following the administration of the EEG and BVM the Jaztac Wide Range reading (WRR), spelling (WRS) and arithmetic (WRA) was administered.
Following the initial evaluation, the results were discussed with the child and parent(s), appropriateness of the treatment was determined, and the S was asked to commit to a minimum of 40 sessions of training at a frequency of twice a week with the possibility of more training to be determined. Training was conducted for an average of 46 sessions. During the summer months some S's trained up to five times per week. Median time in treatment was 18 weeks.
Instrumentation was by a two channel EEG amplifier fiom Stolting Autogenics (A620). After setting the thresholds for Beta reward (70%), Theta inhibition (20%), and EMG inhibition (2%), the § is taught to maximize rewards by attending to one of three displays: a light bulb that increases in size, a fish that follows a course, and a wheel that fills with colors while playing a two octave musical scale. Concurrent with the video display which counted the rewards, an auditory display presented sounds to announce the rewards. A second visible display shows red when the inhibit threshold is exceeded. The 45 minute training time was divided into three 15 minute sessions. Following each session the number of rewards were reviewed. Differences were discussed to determine S's awareness of iess or more attention during the training. The S was encouraged to increase the number of rewards through attention. This protocol was followed for five sessions. Thereafter each fifteen minute condition constituted a different activity: reading silently, reading aloud, and working on visual-motor activities such as mazes, hidden figures, copying written material, or working on jig-saw puzzles. The activities could be completed in any order. Sometimes the reading was from school material and at other times from story books appropriate to the reading level of the S .
During .the reading aloud condition, any mistake was corrected and repeated correctly by the S .
Resuits and Discussion
Tables 1 ("EEG TBR's Pre vs. Post Results") and 2 ("Pre-vs. Post-test BVM and Achievement Test Results") show that all TBR's and performance measures changed significantly from pre-to posttesting, and in the desired directions: TBR's declined and performance scores increased. None of the TBR means declined below the 2.0 level. The average reduction is 15%. (Figure 1 ) This reduction was accompanied by a 15 point Summer-Fall 1998
Journal of Neurotherapy 11 increase in BVM standard scores, a 7 point standard score increase in WXR, and a 4 point standard score increase in WRS and WRA. (Figure 2 ). The S's were measured during a trial increased production of Beta, associated with where they were rewarded for a concentration attention, and the reduced production of Theta, t a s k The primary problem of attention deficit is associated with internal thought processes, were the ability to concentrate appropriately. The the conditions that allowed reward and were the concentration task of this evaluation was to make factors that reduced the TBR's. The decreases in a fish figure advance as rapidly as possible. The TBR's were accompanied by increases in Summer-Fall 1998
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During the pretest they were not (see table 3 ).
But they were in the proper direction, that is, the lower the TBR, the higher the tested score.
However they did not change following the neurofeedback. Why? The lack of change may stem from the difference in the two tasks. Concentrating on producing significant Beta amplitudes and low TBR's may not be the same attention task as concentrating on achievement tasks. Reading, spelling, and arithmetic are indeed different tasks than watching a fish figure advance. There is considerably more Theta (associated with thinking) involved in the zchievement tasks than required in the concentration exercise.
The same relationship would be assumed for the reading TBR If the reading TBR improves (i.e. lowers), it would be assumed that reading ability would also improve. However, the relationship was not shown. Perhaps this is due to the difference between the two reading tasks during the two measurements: the reading during the EEG measurement was of a continuous story, the reading during the WRR is more correctly described as a word recognitiofi and pronunciation task. Also, the two measurements are taken at different times and the time difference in itself may be a factor limiting the relationship between the two measures.
Simultaneous measurement might reveal significant relationships. The lack of relationship between the TE3R's and concentration and reading measures may also stem from the fact that changes in brainwave frequency amplitudes have no immediate direct relationship with school skill functioning. What then might be a possible relationship between the TBR's and achievement tasks? The drawing task as measured by the visual-motor integration test may point to an answer.
The drawing task is different from the concentration and reading task. The drawing task is the same during evaluation and treatment and the EEG and drawing scores are measured simultaneously. Table 3 shows the drawing TBR and the BVM are not related during pre-testing but are significantly related during post-testing. The lower the TBR becomes, the higher the score on the BVM. The concurrence of the measurements during pre-and post-testing may account for the presence of the significance of this correlation while the other outcome measures show none. On the other hand, the correlation may demonstrate the actual influence of the brain wave changes on the visual-motor capabilities of the S's. As the relationship does not exist prior to treatment but exists following lreatment, a causal relationship between the change in TBR and BVM scores might exist. Unfortunately, there are no published norms of test-retest reliabilities for EEG TBR's for any age group. This is a lack in the current literature and their documentation would assist our knowledge of the stability of these measures over time. Thus we cannot infer if these correlations indicate some possible treatment influence lowering TBR stability. However, all of these stability coefficients are higher than that of the BVM. The BVM pre-and post-test correlation is less than the published test-retest reliabilities cited in the BVM manual (Beery, 1989, p. 13) as -81 (a median of several time periods from two weeks to seven months).
The lower score i n this study is perhaps related to a possible treatment effect from the increased TBR's. Table 5 shows the significant changes from pre-to post-treatment in the relationships between the BVM and the achievement tests. There was no significance in their relationships pre-treatment while they are all significant in post-treatment and in the expected direction.
That is, the higher the BVM score the higher the achievement results. in learning. Piaget and Inhelder (1969, p. 44) (Bruner, 1964) , psycholinguistic variables (Bannatyne, 1969) , general academic success (Duf@, Ritter, and Fedner, 1976) , school achievement (Tucker, 1976; Klein, 1978) , and language (Halloway, 1971) . Thus the relationship between TBR's and achievement may hinge upon TBR's allowing greater atiention to visual-motor functioning which in turn allows increased assimilation of school achievement skills.
It should be noted that all of the correlations calculated for this study were performed on Theta and Beta amplitudes singly but no relationships were demonstrated between them and BVM or achievement scores. These relationships only appeared statistically when TBR's wsrc calculald.
This statistical relationship may indicate that increasing Beta attention by itself or attenuating Theta internal thought processes individually by themselves are not sufficient to increase attention and academic progress. Rather a combination of the two processes nust constitute the therapeutic intervention.
On the basis of the present design it cannot be determined if the brain wave changes caused the visual-motor changes or vice versa, though the lack of relationship between TBR's and BVM previous to treatment and the presence of that relationship following treatment, points to the former. That change in relationship suggests studying an experimental group where the visual-motor activities and achievement measures are studied in the absence of neurofeedback. Other studies have shown the efficacy of neurofeedback and the influence of changed brain wave patterns in effecting intelIectua1 change (Lubar, 1991) . This study supports those findings. This study, additonally, shows the possible importance of visual-motor activities in the development of inteIlectual skills. This study suggests visual-motor integration as a possible "cortical regulation" mechanism posited by Othmer et all (1991) cited above.
The relationships between brain wave TBRs and achievement tasks were shown to be present when the EEG was taken concurrcnt with the achievement test. It is possible that the ranges of the outcome variables are increased with neurofeedback so that the relationships can emerge statistically. Perhaps better relationships can be demonstrated between academic achievement and brain waves if the two are measured concmntly. This study also suggests increasing the number, kind and/or time allotted to visual-motor activities during neurofeedback as a possible means of increasing neurofeedback's effectiveness. Note: other TBR relationships were calculated and none were larger than +/-.04
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